The fluorescence properties of the GFPmut2 protein depend on the protonation state of the chromophore that can exist in a neutral, anionic or a zwitterionic form [1] . A reversible loss of fluorescence, with characteristic times in the range of 100 ms -1 s, is ascribed to the anionic-zwitterionic transition of the chromophore. This process has been resolved in the experiment reported in the Ms (see Fig.1C in the Ms.). Actually the average molecular brightness of each protein was computed by skipping the short-living dark states.
All together, these results indicate that also the internal dynamics, i.e. protonation-deprotonation of the chromophore, which is closely related to the protein environment through a hydrogen bonding network, is affected by the hydration and trehalose content. However, the observed increase of N-A switching rate for the L family with respect to the H family, does not alone account for the differences in the average molecular brightness (Fig.2B in the text). Fig.A1 . Number of A-N switching events per minute measured on single GFP-mut2 proteins during glass hydration. The three panels refer to the molecules that initially (at 15% air humidity) belong to the H, I and L families as deduced from their brightness values (H, I and L stand for 150 ± 10 kHz, 100 ± 10 kHz and 85 ± 9 kHz, respectively). The different symbols and colors refer each to different single molecules whose fluorescence dynamics was observed for 1 minute at 20 min sampling time (see text). To be noted that after 30 minutes some proteins make a transition from one family (i.e. one brightness level) to another. The experiments have been performed at I exc = 25 kW/cm 2 in order to obtain a good resolution of the families (see Fig.3 of the Ms.).
Fluorescence bleaching of GFP under single and two photon excitation.
The bleaching time of GFP under one and two-photon excitation has an exponential distribution ( Fig.2A, text) . This is in agreement with the distributions reported in other works [4, 5] . Xie and Trautman [4] reported an exponential distribution of the total number of collected photons per molecule (see Fig.4 of ref. [4] ), for single Rhodamine 101 in polymethylmethacrylate (PMMA) under two-photon excitation (TPE) at ≅ 460 µW excitation power. In the distribution in ref. [4] , however, no molecules are found whose number of emitted photons is lower than a certain minimum value (truncated exponential). An exponential distribution function of the total number of photons emitted by an organic dye has been also reported by Schuck et al. [5] at 260 µW excitation power under TPE.
However, under very low excitation powers ≅ 25-50 µW on the sample (1mW corresponds to 400 kW/cm 2 on our setup), the two-photon bleaching time distribution for GFP-mut2 embedded in trehalose glasses reported in the present Ms., displays a peaked shape well described by a Gaussian function (Fig.2B and Fig.3, text) . Similar peaked distributions of the bleaching time have been also reported for a series of organic dyes spun coated on glass slides [6] , a situation very much different from trehalose glasses (present Ms.) or PMMA films [4, 5] . The difference between the peaked and symmetric shape of the distributions reported here compared to the exponential ones reported in refs. [4, 5] , is actually due to two reasons. First, the values of the laser excitation power (or excitation intensity) used here are much lower than those reported in [4, 5] (50 µW, to be compared to 260 and 490 µW). Second, we count the duration of the dark blinking times in the total duration of the single molecule emission. Since bleaching occurs at the excited states of the molecule, a more correct evaluation of the bleaching time is made if one considers the total duration of bright states of a single molecule [7] by subtracting the duration of the dark states from the absolute time at which the bleaching transition has been observed. By performing this correction, we obtain exponential decays of the two-photon excited bleaching time (Fig.A2A ) at all the excitation powers investigated here, 25, 50 and 75 µW.
The reason for the behavior of the bleaching time distribution for powers < 50 µW is not clear. It is likely that at least two processes are contributing single molecule fluorescence bleaching, and that a thermal loading of the sample induced by the high peak excitation laser intensities under TPE, is involved [6] . The issue is of primary importance for single molecule fluorescence experiments and is currently under study by some of us.
Under single photon excitation, the bleaching time of GFP has a distribution that can be described by an exponential function (though a minimum threshold time is often detectable at low excitation powers), as shown in Fig.A3A for GFPmut2 proteins in 35% trehalose glass excited at 488 nm with an excitation intensity of 40 kW/cm 2 . A single exponential fit of the distribution yields an average bleaching time of 13± 2 s. Apparently a multi-exponential analysis of the single photon bleaching time distribution does not improve the quality of the fit. However, markedly different bleaching time distributions are found when we limit the analysis to those proteins that belong to the H, I or L families (Fig.A3b) . The fit of each of the three histograms in terms of exponential functions provides average bleaching time values remarkably different for the three families: 46 ± 2 s, 13 ± 1 s and 9 ± 1 s. The distribution of bleaching times computed on the whole set of single protein investigated by means of single photon excitation (Fig.A3a) , appears then to be due to a superposition of three exponential functions (Fig.A3b) . To be noted that the different bleaching times obtained with one or two photon excitation is due to the different photophysics and power dependence of these processes [5] . 
